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Abstract. We presentrecentresultsfrom CDF in the searchfor new phenomenappearingn the
top quarksamplesTheseresultsusedatafrom pp collisionsat /s= 1.96 TeV correspondindgo
anintegratedluminosity rangingfrom 195pb ! to 760pb . No deviationsareobsenedfrom the
Standardviodel expectationssoupperlimits onthesizeof possiblenew phenomenareset.
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INTRODUCTION

As the most recently discorered componentof the StandardModel, the top quark
presentsnintriguing opportunityin thesearctor new physics.Theremarkablenassof
thetop quark(comparableo thatof agold nucleus)suggestshatthetop quarkYukava
coupling should be nearunity, which may imply a specialrole for the top quarkin
electraveak symmetrybreaking.In addition, thereare mary modelsfor newv physics
which predictnen phenomenan the top quarksector Theresultspresentedbelon use
betweerl95pb—! and760pb—* of pp datawith \/s= 1.96 TeV collectedatthe Tevatron
Collider by the CDF experiment.

Therearemary moreresultsavailablethancanbediscussedhere.Pleaseseethe CDF
top quark resultswebpagefor additionalinformation: htt p: / / wwww cdf . f nal .
gov/ physi cs/ new t op/ t op. ht m

SEARCH FOR TOP DECAYING TO A CHARGED HIGGS

Using195pb 2 of data,we searchor evidenceof thedecayt — H*b[1] by comparing
publishedCDF crosssectionmeasurementspadeundertheassumptiorthattop decays
only to Wb, in four differentdecaychannelsdilepton[2], lepton+ jets with exactly
oneb-tag,lepton+ jetswith two or moreb tags[3], andlepton+ hadronicallydecaying
T [4]. Eachof theseresultsis individually consistentvith Standardviodel expectations.
However, allowing thetop to decayvia a chagedHiggs canmodify the expectedyields
in thesefinal states,dependingon the branchingfractionsof t — H*b and allowed
chagedHiggs decaymodes.We calculatethe top andchagedHiggs branchingratios
for six differentsetsof minimal supersymmetricmodel(MSSM) parameterandusethis
information,combinedwith theobseredyieldsin thefour differentdecaymodesto set
limits ontheallowedvaluesof tan andMy-. In addition,upperimits onBR(t — H"b)
asafunctionof My+ aresetunderlessmodelspecificscenariogseeFig. 1).
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FIGURE 1. Thefigureontheleft shav theexcludedbranchingratio of t — H*b asafunctionof M, +
underthe assumptiorthat BR(H™ — 1v) = 1, a commonsituationin MSSM modelswith high tanf3.
Thefigure ontheright shavs the branchingratio limit where for eachMy+, theH™ branchingratiosare
choserto give theleaststringentimit.

W HELICITY IN TOP DECAYS

In theStandardvodel, thevectorminusaxial vector(V — A) structureof theelectraveak
interactiondetermineghat approximately70% of W bosonsproducedin top decays
shouldhave longitudinal polarizationand the other 30% should have left-handedpo-
larization,assumingMrop = 175GeV/é. Right-handedbolarizationis forbidden.This
V — A structurecanbe testedby measuringheW helicity angle,8*, which is the an-
gle betweenthe negative direction of the top quarkandthe leptonfrom the W decay
measuredn the W restframe. Alternatively, the invariantmassof the leptonandthe
b quarkcanbe used,sinceM, =~ 0.5(MZ — M\%,)cose*. We employ bothtechniquego
obtainthefollowing results:Thefractionof logitudinalW bosonsFy is measuredysing
asamplecorrespondingo anintegratediuminosity of 320pb 1, to be 0.85"0 35+ 0.06

assuminghe fraction of right-handedV bosonsF,, is zero.Usinga 750 pb~! sample
andassuming~ = 0.7, we establisranupperlimit of F,. < 0.09 atthe 95% confidence
level.

TOPLIFETIME

In the StandardViodel, the top quarklifetime is on the orderof 10-24 secondswhich
is too smallto be measuredy experiment.However, thereare several non-Standard-
Model scenarioghatcouldleadto a measurabldifetime in the top quarkdatasample.
For example,if top quarkswereproducedn thedecayof somelong-livedpatrticle,or if
somelong-lived particlewith a signaturesimilar to the top quarkhadcontaminatedhe
sample With a 318pb~1 datasample CDF measuresheimpactparametedistribution



of leptonsfrom thedecayof W bosongproducedn topdecaysandseesioevidenceof an
anomalouslyong top lifetime, giventhe detectoresolutionandexpectedoackgrounds.
We establistanupperlimit ontop lifetime of ct < 52.5 um atthe95%confidencdevel.

SEARCH FOR A RESONANCE IN THE tt INVARIANT MASS
SPECTRUM

Somemodelsof physicsbeyond the Standardviodel include newv heavy particlesthat
decayto top quark pairs. For example,topcolorassistedechnicolor[5] predictsboth
topgluonsand Z’ that decayto tt pairs. We preform a searchfor a generic,spin-
1 resonancgXp) with a narrav width (I'x,/Mx, ~ 1.2%) decayingto top pairs by
searchingfor deviationsfrom the StandardViodel predictionsof thett invariantmass
spectrumNo significantdeviationsareobsenedandwe set95%confidencdevel upper

limits on ox, x BR(Xg — tt) (seeFig. 2). The obsenedlimits rule out a leptophobicz’
with massessthan725GeV/.
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FIGURE 2. 95%CL upperlimits for thecrosssectionfor resonanc@roduction.

SEARCH FOR '

We searchfor evidenceof a heary, “top-like” object,t’ in the CDF top quarksample.
Examplesof modelsthat predict such an object include a fourth chiral generation
consistenwith precisionelectraveakdata[6, 7] andthe “beautiful mirrors” model([8],
that predictsan additionalquark generatiorthat mixeswith the third generationFor
this searchwe assumehatthet’ hasa large branchingratio to Wq, aswould be the
caseif My < My + My, a situationfavored by the constraintthat an additionalquark
generatiorbeconsistentith precisionelectraveakdata.This searchs performedusing
two kinematicvariablesto separatehet’ signalfrom the StandardVMiodel backgrounds:
Ht, the sumof the transversemomentaof all objectsin the event,and M;ec, the Wq



invariantmassreconstructedisingthe samey? fit techniqueemployedby the CDF top
massanalysig9]. No evidencefor t’ is obsernedandwe set95% confidencdevel upper
limits on gy x BR(t’ — Waq)? thatexcludet’ massedelov 258 GeV/& (seeFig. 3).
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FIGURE 3. 95%CL upperlimits for the crosssectionfor t’ production.

CONCLUSIONS

Using up to 760 pb~! of data,we seeno evidencefor nev phenomenan the CDF
top quarksample However, ever larger datasetsarerapidly becomingavailable. There
are several publicationsapproachingcompletionusing 1 fo—* or more of data,and
severalnew analysesrenearingcompletion With adoublingtime for the CDF sample
of approximatelyoneyear increasinglyprecisetestsof the StandardVodel usingtop
quarksshouldbe possiblesoon.
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